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GENERAL INTRODUCTION 
since the mid 1800s the number of wetlands in Iowa has 
decreased by 95% (Bishop 1981). Wetland drainage and the 
conversion of native grasslands into croplands have been 
primary causes of this loss. Because of this habitat loss, 
several wetland species have been extirpated from the state, 
and others have small populations (Weller 1979, Dinsmore 
1981). The 1985 Farm Bill and the North American Waterfowl 
Management Plan provided the stimulus for wetland restoration 
on many of these drained basins. My objectives were to 1) 
determine if certain wetland characteristics affected bird 
colonization on restored wetlands and 2) assess the habitat 
quality of the restored wetlands by using nest productivity 
data. 
section I of this thesis concentrates on the effects of 
wetland area and age on bird species richness. The theory of 
island biogeography suggests that larger habitat islands will 
have a greater species richness than smaller islands 
(MacArthur and Wilson 1963, 1967). Studies on marsh birds 
indicate a positive relationship between bird species richness 
and wetland area (Tyser 1983, Brown and Dinsmore 1986). Area, 
land history information, and location of the marsh basin are 
important considerations in the restoration and conservation 
of wetlands. 
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section II deals with assessing the habitat quality of 
restored wetlands using nesting success data obtained for red-
winged blackbirds (Agelaius phoeniceus) and yellow-headed 
blackbirds (Xanthocephalus xanthocephalus) as an index of that 
quality. Studies of songbird populations in forest fragments 
suggest size of a habitat patch can influence reproductive 
success (Ambuel and Temple 1983, Brittingham and Temple 1983, 
Andren et al. 1985, Gibbs and Faaborg 1990). Peak abundance of 
nests for many wetland species occurs when the emergent-cover-
to-water ratio is about 50:50 (Weller and Spatcher 1965). The 
effects of size, age, and relative amount of emergent cover of 
a restored wetland on reproductive success is discussed. This 
paper assesses the ability of restored wetlands to maintain 
marsh bird populations. 
Explanation of thesis format 
This thesis adheres to the guidelines specified for the 
-alternative thesis format. It consists of two papers, each 
intended for publication in separate scientific journals. Lisa 
Hemesath has participated as co-originator, field worker, and 
principal author. Dr. James J. Dinsmore functioned as co-
originator, advisor, and editor. 
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SECTION I. FACTORS AFFECTING BIRD COLONIZATION OF RESTORED 
WETLANDS 
4 
ABSTRACT 
The number of breeding marsh birds per restored wetland 
ranged from 1-18 species during 1989 and 1990 in northern 
Iowa. There was a positive significant relationship between 
species richness and wetland area. Birds rapidly colonized 
restored wetlands, usually within the first year of 
restoration. How long a wetland has been drained does not 
affect bird species richness but did affect the development of 
marsh vegetation. Relative coverage of emergents, floating 
plants, open water, and bare ground affected bird species 
richness. Restoration efforts should concentrate on large 
wetland basins that have been recently drained or have a 
tendency to reflood frequently. 
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INTRODUCTION 
The advent of intensive agricultural practices in the 
Upper Midwest in the mid 1800s has severely altered the 
prairie pothole region's natural ecosystem (Duebbert and Frank 
1984). In pre-settlement times, Iowa contained more than 
607,000 ha of prairie wetlands. More than 95% of these 
wetlands have been drained (Bishop 1981). Agricultural 
drainage elsewhere in the prairie pothole region has caused a 
60% loss of wetlands in North Dakota and a 50% loss in 
Minnesota (Tiner 1984). Both wetland drainage and the 
conversion of native grasslands into croplands have produced a 
habitat unsuitable for many wetland species. Several wetland 
birds including the sandhill crane (Grus canadensis), whooping 
crane (~. americana), and common loon (Gavia immer) no longer 
nest in Iowa, and nesting populations of several others such 
as the American bittern (Botaurus lentiginosus), northern 
shoveler (Anas clypeata), and mallard (A. platyrhynchos) have 
declined in numbers (Weller 1979; Dinsmore 1981). 
The 1985 Farm Bill and the North American Waterfowl 
Management Plan provided the stimulus for wetland restoration 
in the Midwest. Since 1987, 6,100 wetlands, covering 7,380 ha, 
have been restored in the Midwest including 600 wetlands (930 
ha) in Iowa (U.S. Fish and wildl. Serv~ 1990). 
Wetland restoration is possible due, in part, to unique 
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characteristics of the wetland seedbank. High densities of 
long-lived seeds in the seedbanks enable the vegetation to 
respond quickly when the basin is reflooded (van der Valk and 
Davis 1978). Seeds of wetland plants may be viable in marshes 
drained as much as 70 years ago (Weinhold and van der Valk 
1989). This implies that many of the wetlands drained for 
agricultural purposes in the last century may be restored to 
pre-drainage conditions. 
The quick vegetation response to flooding should 
encourage rapid colonization of the wetland by breeding birds. 
However, there are few studies of the response of wetland 
birds to restored marshes. Waterfowl breeding pairs returned 
to restored marshes as soon as 1 year after restoration in 
central Minnesota and northeastern South Dakota (Sewell 1989). 
In central Iowa, bird colonization occurred rapidly, and bird 
species richness on 4 naturally flooded basins was similar to 
that of natural wetlands (6 vs. 7 species) (LaGrange and 
Dinsmore 1989). 
Restored wetlands in the Midwest are "habitat islands" in 
a sea of cropland. Both area and isolation are thought to 
influence species richness on a island (MacArthur and Wilson 
1963, 1967). The area effect has been tested on "habitat" 
islands such as woodlots (Lynch and Whigham 1984), farmyards 
(Moller 1987), lakes (Sillen and Solbreck 1977), and natural 
marshes (Brown and Dinsmore 1986). with drained basins being 
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restored, it is important to know how various bird species 
respond to restoration so that this wetland habitat can be 
best managed to meet the needs of the resource. 
The objcetives of this study were to 1} determine the 
effect of wetland area on bird species richness and 2} 
determine what bird species will colonize restored wetlands 
within the first three years after restoration. 
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METHODS 
study sites were located in northwestern and north-
central Iowa, at the southeastern end of the prairie pothole 
region (Appendix A). Bird use was monitored on 16 and 17 
restored wetlands in 1989 and 1990, respectively (Table 1). 
Because of changing water conditions and low water 
availability, the same study sites were not used during both 
field seasons (Table 2 and Appendix A) and many pre-
restoration variables such as land use, frequency of flooding, 
and drainage type, etc. could not be controlled for in our 
study design (Appendix B). study sites ranged from 0.8 to 10.2 
ha and were grouped into 3 size categories: <2, 2-4, >4 ha. 
One-, 2-, and 3-year-old restored wetlands were studied during 
both field seasons (Table 2). 
Field work was conducted from mid May to late July each 
year. Each wetland was visited weekly between sunrise and 0900 
hours to assess bird use. Two to 10 count stations were 
established on each wetland, the number varying with marsh 
size. The first count station was placed along a randomly 
drawn compass bearing. Subsequent stations were systematically 
placed at equal distances from each other around the wetland. 
The count stations were placed in the middle of the emergent-
vegetation zones or at the water's edge if no emergent 
vegetation was present. All birds seen or heard within a 20-m-
9 
Table 1. The number of restored marshes per age category and 
size (ha) of marshes monitored in 1989 and 1990 
Age category 
Mean Range 
Year 1 2 3 size in size 
1989 8 8 NA 3.0 0.9-10.2 
1990 3 8 6 2.6 0.8-9.3 
10 
Table 2. Land history information on study sites 
Duration of 
drainage Type of 
Year Age ID#a ha (years) drainage Positionb 
1989 1 27 0.9 30 tile/ditch complex 
22 1.7 tile isolated 
25 1.9 15 complex 
21 2.0 tile isolated 
13 2.1 isolated 
10 5.3 0 isolated 
1 6.1 0 creek complex 
17 10.2 30 ditch/creek complex 
1989 2 12 1.2 50 tile isolated 
11 1.5 50 tile isolated 
20 1.6 50 tile isolated 
14 2.0 tile complex 
19 2.6 25 tile isolated 
26 2.9 50 tile isolated 
4 3.1 40 tile isolated 
18 3.3 20 tile/ditch complex 
1990 1 9 1.4 25 ditch complex 
23 2.2 0 ditch complex 
24 9.3 ditch complex 
-------------------------------------------------------------
2 3 1.1 50 tile isolated 
16 2.0 20 tile complex 
8 2.0 10 ditch complex 
2 2.0 50 tile complex 
27 2.3 30 tile/ditch complex 
7 2.6 >50 tile isolated 
15 2.8 20 tile complex 
1 6.1 0 creek complex 
3 5 0.8 40 tile isolated 
12 1.2 50 tile isolated 
6 1.3 40 tile isolated 
11 1.5 50 tile isolated 
4 3.1 40 tile isolated 
18 3.3 20 tile/ditch complex 
aSee Appendix A. 
bA restored wetland was considered part of a wetland complex 
if a natural (unaltered) wetland was within a 1 mile radius. 
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radius circular plot (Edwards et al. 1981) in a 6-minute-
observation period were counted. During minutes 3 and 4 of the 
count, tape recordings of secretive birds (Virginia rail 
[Rallus limicola], sora [Porzana carolina], least bittern 
[Ixobrychus exilis], and American bittern were played to 
elicit responses (Johnson and Dinsmore 1985; Manci and Rusch 
1988). Birds detected as I moved between count stations were 
also recorded. Only birds considered breeding on the marsh 
were included in the species 
list. Active nests, flightless young, or the presence of 
adults on 3 of 5 visits were considered evidence of breeding. 
Vegetative cover was estimated at all wetlands in late 
June or early July. Two to 6 transects were established 
randomly at each wetland, the number varying with the pond 
size. All transects began at the pond's high-water mark and 
ran through the center of the marsh to the opposite shore. At 
4-m intervals along the transects, the relative cover of major 
vegetational types was estimated within a 1 m2 square quadrat. 
A non-overlaping scheme was used to estimate cover. Water 
depth and plant height also was measured in the center of each 
quadrat. 
Aquatic macro-invertebrates were collected once yearly 
from each wetland in early to mid-June. Samples were taken 
with a 1-mm mesh dipnet at 2 randomly chosen bird count 
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stations in each marsh with an additional sample taken in the 
middle or deepest part of the wetland. Samples were preserved 
in 70% alcohol and stored until they were sorted several 
months later. At that time, invertebrates were identified to 
family using keys in Pennak (1989), Merritt and Cummins 
(1984), and Huggins et al. (1981). 
Information on the history of each wetland basin 
including crops planted, frequency of flooding, duration of 
drainage, presence of wetland plants, etc. were obtained from 
the landowner or from the Iowa Department of Natural Resources 
(Appendix B). 
The relationship between species richness and two 
independent variables, area and water depth, was tested using 
a log-log model. The effects of absolute cover and relative 
cover of emergent vegetation (Typha spp., Cyperaceae, 
Sagittaria spp., grasses, and Acarus calamus), residual 
emergent vegetation (last year's growth), floating vegetation 
_ (Lemna spp., Polygynum amphibium, floating mats of algae), 
submergent vegetation, open water [unconsolidated bottom (no 
vegetation present)], and bare ground (mud flats with varying 
amounts of litter) on species richness (log) also was 
investigated. Absolute cover was determined by multiplying the 
relative cover of a cover type by the total area of the marsh. 
Average species richness (log) was determined for other 
various wetland categories such-as year, age, and duration of 
13 
drainage. Using relative cover as the dependent variable, the 
effects of year, size, age, and duration of drainage on the 
vegetation cover also was determined. Group means were 
analyzed using general linear models. An othogonal approach to 
analysis, using contrast statements, was used when more than 
one group mean was compared at a time (Sokal and Rohlf 1981). 
The 0.05 significance level was used for all statistical 
tests. 
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RESULTS 
In 1989, all study basins held water in mid May, but due 
to drought conditions, some basins were dry by late June. In 
1990, most basins remained full or nearly full throughout the 
field season. The average number of bird species on a restored 
wetland in 1989 was half that found in 1990 (P<0.01) (Table 
3). The most common nesters both years were red-winged 
blackbird (Agelaius phoeniceus), yellow-headed blackbird 
(Xanthocephalus xanthocephalus) , and marsh wren (Cistothorus 
palustris). American coot (Fulica americana), Canada goose 
(Branta canadensis), and pied-billed grebe (Podilymbus 
podiceps) were also found nesting both years. 
There was a significant log-log relationship between 
species richness and marsh area in both years [1989, log 
Species=log 0.14 + 1.04 log Area (r2=0.65): 1990, log 
species=log 0.71 + 0.43 log Area (r2=0.24)] (Figure 1). The 
slopes were significantly different between years (P<0.05). 
Average species richness did not differ between age 
categories 1 and 2 in 1989 (Table 3). However, the species-
area slope was steeper for age 2 marshes (log Species=log 
-0.19 + 1.85 log Area, r 2=0.78) compared to age 1 marshes (log 
Species=log 0.32 + 0.79 log Area, r 2=0.71) (P<0.05) (Figure 
2). In 1990, average species richness and species-area slopes 
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Table 3. The mean number of bird species per marsh age 
category and year for 1989 and 1990 
Age category 
Year 1 2 
1989 3.5 A 
1990 NA 7.0 A 
3 
NA 
6.5 A 
Overall 
mean 
4.8 
Range 
1-13 
2-18 
~eans with different letters within a year indicate a 
significant difference at P < 0.05. 
bBecause of the small sample size of l-year-old wetlands 
in 1990, no analysis was attempted for this age category; 
however, the overall mean or yearly mean is calculated using 
all wetlands sampled in 1990, including the 31-year-old 
restored wetlands. 
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were not significantly different between 2- and 3-year-old 
marshes (Table 3). The species-area slopes were similar for 
both age categories; however, neither slope was significant 
(Figure 3). 
Average water depth in 1989 (x=24.0 cm, range=0-S6.9) was 
significantly less than in 1990 (x=44.7, range=22.6-82.S) 
(P<O.OOl). There was no significant log-log linear 
relationship between species richness and water depth in 
either year. 
The average number of years since the basins were drained 
did not differ significantly between 1989 and 1990 (1989" 
x=34.1 years, range=O-SO; 1990, x=29.7 years, range O-SO). 
Marshes that were never drained were wet meadows before 
restoration. Wetlands drained >30 years ago did not differ in 
species richness from wetlands drained <30 years ago (Table 
4) • 
There was a significant log-log relationship between 
species richness and both absolute area of emergents on a 
marsh (log species=log 0.0090 + 0.39 log Emergent Area, 
r 2=0.64) and area of floating plants (log Species=log 0.44 + 
1.87 log Floating Plant Area, r 2=0.28) in 1989. In 1990, only 
the absolute area of the floating plants was significantly 
related to species richness (log Species= log 0.79 + 0.74 log 
Floating Plant Area, r 2=0.2S). 
The relative cover of each vegetation type also may 
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Table 4. Mean bird species richness in wetlands drained ~30 
and >30 years ago for 1989 and 1990 
~.30 years >30 years 
Year n 8 mean SO mean SO 
1989 12 7.0 3.9 .3.4 3.4 
1990 16 8.8 3.5 6.4 3.1 
8Reliable information on the duration of drainage could 
not be obtained for all basins. 
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affect bird species richness. For example, species diversity 
usually is greatest when the emergent cover in a marsh ranges 
from 30-50% (Weller and Fredrickson 1974). In 1989, wetlands 
with >30% emergent cover had a significantly greater species 
richness than marshes with ~30% emergent cover (Table 5). 
Residual emergent, floating, and submergent vegetation only 
covered a small percentage of each of the restored wetlands. 
Marshes with ~1% floating plant cover had a lower species 
richness than marshes with >1% cover in 1989 but not in 1990 
(Table 5). No differences in species richness were detected in 
either year for residual emergent and submergent vegetative 
cover categories. In 1989, species richness was greatest in 
marshes with a moderate percentage (30-70%) of open water 
(unconsolidated bottom) (Table 5). Species richness was lower 
both years for wetlands with >5% bare ground (Table 5). 
A total of 33 invertebrate families was found in the 
restored marhes in 1989 and 1990. The number of families per 
marsh varied from 7-17 in 1989 to 8-17 in 1990. The most 
frequently encountered invertebrate families were Corixidae, 
Chironomidae, oystiscidae, and Hydrophilidae (Appendices C and 
D) • 
The relationship between relative cover of each 
vegetation type and year, age, area (log), and duration of 
drainage was analyzed. The relative amount of bare ground was 
sigificantly greater in 1989 than in 1990 (27.2% vs. 3.4%, 
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Table 5. Mean bird species richness for relative vegetative 
cover categories for 1989 and 1990 
Vegetative cover 1989 1990 
Emergent 
~30% 3.5 A8 8.8 A 
>30% 8.5 B 6.8 A 
Residual emergent 
~1% 4.8 A 8.5 A 
>1% 4.7 A 6.8 A 
Floating 
~1% 2.7 A 7.0 A 
>1% 8.2 B 8.7 A 
Submergent 
~1% 4.8 A 8.2 A 
>1% 4.7 A 8.1 A 
Open water 
(unconsolidated) 
~30% 4.2 A 4.0 A 
>30-70% 8.4 B 8.6 A 
>70% 1.8 C 8.2 A 
Bare ground 
~5% 8.5 A 9.0 A 
>5% 3.5 B 4.3 B 
~eans within a vegetative cover category and year with 
different letters differ significantly at P < 0.05. 
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P<0.05) The only effect of wetland age was found for floating 
plants in 1989. One-year-old wetlands had greater floating 
plant cover than 2-year-old marshes (6.8% vs. 0.4%, P<0.05). 
Area had no relationship on the relative cover of the 
vegetation types. Wetlands ~2 ha did not differ in relative 
cover of any vegetation types when compared to wetlands >2 ha. 
Duration of drainage was related to emergent and open water 
cover in 1989. Wetlands drained ~30 years ago had 
significantly greater emergent cover than marshes drained >30 
years ago (32.4% vs. 7.4%, P<0.05). Open water cover was 
significantly greater in wetlands drained >30 years ago 
compared to more recently drained wetlands (56.2% vs. 27.3%, 
P=0.05). 
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DISCUSSION 
The area of the marsh has a great effect on species 
richness (Tyser 1983, Brown and Dinsmore 1986). This may be 
because larger marshes offer greater structural diversity 
(complex vegetation zones), a larger food base, or a reliable 
water supply which in turn attr~cts more bird species. The 
species-area slope (0.43) for restored wetlands in 1990 is 
comparable to the slope (0.42) found on riverine marshes 
(Tyser 1983). However, the slope is much higher than the one 
found on natural marshes in Iowa (0.23) (Brown and Dinsmore 
1986). Species-area slopes for true islands generally range 
from 0.20 to 0.35 (MacArthur and Wilson 1967). However, for 
studies dealing with very small or very large islands, because 
the rate of increase (slope) decreases as the area becomes 
larger, the slope may lie outside the predicted range (Martin 
1981). The large species-area slope in 1990 may be due to the 
small size of the wetlands studied (Table 2). Brown and 
Dinsmore (1986) calculated a steeper slope (0.35) using only 
the smallest marshes «6 hal in their study. The very high 
slope in 1989 (1.04) may have been accentuated by the 
dispersal of marsh birds from smaller, more drought-prone 
marshes to larger marshes with better water holding capacity. 
The area effect is probably the result of size-dependent 
species which may inhabit only the larger marshes. Brown and 
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Dinsmore (1986) noted that species such as the black tern 
(Chlidonias niger), ruddy duck (Oxyura jamaicensis), and swamp 
sparrow (Melospiza georgiana) increased in frequency of 
occurrence with marsh size. A similar phenomenon was found on 
restored marshes (Appendices E and F). The Virginia rail was 
found nesting only on the largest marsh studied in 1990 (9.3 
ha). Black terns nested on two of the larger marshes in 1990 
(6.1 and 9.3 ha) whereas the least bittern nested only on the 
largest marsh studied in 1989 (10.2 ha). Pied-billed grebes, 
green-winged teal (Anas crecca), northern shovelers, American 
coots, and marsh wrens were rarely found in wetlands <2 ha. 
No difference in average species richness was found with 
marsh age in either 1989 or 1990. Birds rapidly colonized the 
restored wetlands as soon as 1 year after restoration. Similar 
patterns of colonization of restored wetlands were noted for 
ducks in South Dakota (Sewell 1989) and marsh birds in central 
Iowa (LaGrange and Dinsmore 1989). 
Species-area slopes were similar for all age classes in 
1990. In 1989, the slope was steeper for 2-year-old wetlands 
than 1-year-old wetlands. Since the species-area slope changes 
with area (Martin 1981), this difference may be due to the 
difference in the range of sizes between the age classes. One-
year-old wetlands ranged from 0.93 to 10.2 ha, whereas 2-year-
old wetlands ranged from 1.2 to 3.3 ha. A group of smaller 
islands will have a greater species-area slope than a group of 
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larger islands. The lack of larger wetlands in the age 2 class 
may account for the steep slope. 
The drought of 1989 probably caused a significant 
decrease in species richness on restored wetlands compared to 
the wet year of 1990. Many of the smaller wetlands were dry by 
mid-June 1989 thus causing many birds to crowd onto larger 
wetlands or move elsewhere. However, regression analysis 
showed no significant relationship between species richness 
and water depth within either year. It should be noted that 
the water depth was measured in late June and early July 
during vegetation sampling and not during the spring when many 
marsh birds were choosing breeding sites. Weller (1979) found 
a significant correlation between species richness on natural 
wetlands and spring water depths in nearby lakes in 
northwestern Iowa. These periods of high species richness in 
the region also coincided with low water levels in other parts 
of the prairie pothole region. water availability on both the 
local and regional scale may influence the abundance and 
diversity of marsh birds in an area (Weller 1979). 
Both plant species richness and seed density in a seed 
bank of a prairie pothole decreased as the duration of 
drainage increased (Weinhold and van der Valk 1989). Although 
viable seeds of wetland plants were found in basins drained 70 
years ago, 60% of the species found in the seed banks of 
extant wetlands were absent in wetlands drained for >20 years. 
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This implies that the potential for successful restoration 
decreases for marshes drained >30 years ago. Bird species 
richness was not significantly higher on wetlands drained more 
recently. The different ages of the wetlands may confound this 
result. Older marshes may have more vegetative cover than 
younger marshes regardless of the duration of drainage. Even 
if this is true, it implies that the effect of long-term 
drainage can be compensated by the quick dispersal of wetland 
plants from extant wetlands to newly restored marshes. 
Planting seeds or propagules is unnecessary to restore drained 
wetlands (LaGrange and Dinsmore 1989). 
Many marsh birds use emergent vegetation or are 
influenced by it (Weller and spatcher 1965, Weller and 
Fredrickson 1973). Both absolute and relative cover of the 
emergent zone affected species richness in 1989. Larger 
emergent zones probably offer a variety of nesting habitats, 
better protection from predators and adverse weather 
conditions, and an abundant food supply. Ispecies richness is 
greater on wetlands characterized by a 50:50 emergent-cover-
to-water ratio (Weller and Spatcher 1965). This hemi-marsh 
condition has a greater abundance of invertebrates (Voigts 
1976) and coincides with maximal diversity and abundance of 
marsh birds (Weller and Spatcher 1965). The success of 
restoring wetlands is partly dependent upon the establishment 
of an emergent vegetation zone. Wetlands drained >30 years had 
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less relative cover of emergents and more open water cover in 
1989. However, time can compensate for the lack of vegetation 
on newly restored marshes. For example, a marsh studied as a 
2-year-old in 1989 had progressed from a wetland with 1.7% 
emergent cover and 1 bird species to 43% emergent cover and a 
species richness of 6 in 1990. This basin had been drained for 
about 50 years. 
Bird species richness increased with absolute cover of 
floating plants in both years and was related to relative 
cover in 1989. Floating plants such as duckweed (Lemna 
trisulca) and algae (Rhizoclonium hierglyphicum) can harbor a 
great diversity and abundance of invertebrates (Krull 1970). 
In 1989, the relative cover of floating plants was greater on 
1-year-old wetlands than 2-year-old wetlands. Much of the 
floating plant cover is floating mats of algae. Algae mats are 
most frequently found on regenerating marshes, natural marshes 
recently flooded after a drawdown, rather than on marshes in 
other vegetative phases (van der Valk and Davis 1978). 
Floating plants such as algae and duckweed could easily reach 
restored wetlands on the feet of marsh birds, thus becoming 
among the first plants to establish in a marsh. 
The relative cover of bare ground is an indication of the 
degree of drawdown a marsh has experienced. The 1989 drought 
exposed a significantly greater relative amount of marsh basin 
compared to 1990. In both years, few marsh birds were on 
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wetlands with a large relative cover of bare ground. Many of 
the birds probably dispersed to wetlands with more water. Even 
though drawdowns do not attract many breeding wetland birds, 
they are needed for the germination of many wetland plants 
(van der Valk and Davis 1978). The drawdowns will eventually 
lead to vegetation suitable for nesting cover in wet years. 
The number of invertebrate families in restored wetlands 
in Iowa is comparable to the 27 invertebrate taxa found in 
restored wetlands in South Dakota (Sewell 1989). The number of 
invertebrate families per site is less than the 20-32 taxa 
found on native wetlands in Iowa (Voigts 1976) but is 
comparable to the 4-16 families per site found in restored 
wetlands in central Iowa (LaGrange and Dinsmore 1989). 
Invertebrates reach their highest diversity in hemi-marsh 
conditions (Voigts 1976). Many of the restored wetlands had 
much open water which does not encourage invertebrate 
diversity. However, the invertebrates will probably recolonize 
after wetland plants become established. Invertebrate 
diversity was shown to be low after the reflooding of a 
shallow lake but increased with the gradual expansion of 
emergent hydrophytes (Danell and Sjoberg 1982). However, some 
invertebrates quickly invade these open water habitats. 
chironomids were the most abundant taxon in a recently flooded 
lake (Danell and Sjoberg 1982). The flooding of the drained 
basin caused the submergence of many terrestrial plants. The 
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decomposition of the plant litter provided optimal conditions 
for the detrital-feeding Chironomids. Chironomids were found 
in almost all the restored marshes. This taxon is an important 
source of food for ducklings (Talent et ale 1982) and for 
ducks in late summer and early fall (Sugd~n and Driver 1980). 
This implies that even newly restored marshes with little 
wetland vegetation may be good sources of food for ducks. 
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MANAGEMENT RECOMMENDATIONS 
with many of Iowa's wetland bird species declining in 
number (Dinsmore 1981), it is important to make wise choices 
about which wetlands to restore. Vegetative response to 
reflooding will vary from basin to basin depending on duration 
of drainage and past agricultural practices including 
herbicides used, types of cUltivation and crops, and 
effectiveness of drainage (Weinhold and van der Valk 1989). 
The response of the birds will depend on the vegetation, 
location, and size of the marsh. 
Larger restored wetlands typically attract more birds 
species; however, my study also suggests that individual 
wetlands in complexes attract more species than is predicted 
by area alone. Brown and Dinsmore (1986) showed that smaller 
wetlands in complexes attracted more birds than larger 
-'--
isolated wetlands. This suggests that when possible, 
restorations should occur in clusters or be used to supplement 
already existing natural wetland complexes. 
Recently drained wetland basins provide the fastest 
results. In this study, wetlands drained for <30 years had 
greater coverage of emergents compared to wetlands drained >30 
years ago. Wetlands drained <20 years ago also have seed banks 
which contain many of the species present in seed banks of 
extant wetlands (Weinhold and van der Valk 1989). Reflooding 
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of these basins would promote a quick response by the 
vegetation. 
Basins which have not been effectively drained and 
already reflood frequently should be targeted for restoration. 
Such basins are typically used for pasture or hayfields where 
the pressure for complete drainage is low. Frequent reflooding 
of a basin may allow a seed bank to persist and thus allow a 
quick vegetative response. 
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SECTION II. NEST SURVIVORSHIP OF RED-WINGED (Agelaius 
phoenecius) AND YELLOW-HEADED BLACKBIRDS 
(Xanthocephalus xanthocephalus) ON RESTORED 
WETLAN.DS 
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ABSTRACT 
Nest survivorship of yellow-headed blackbirds 
(Xanthocephalus xanthocephalus) and red-winged blackbirds 
(Agelaius phoeniceus) was used to assess the quality of 
restored wetlands in Iowa. Mayfield daily survival rates of 
red-winged blackbirds did not vary with marsh size or relative 
emergent cover. In contrast, yellow-headed blackbird survival 
rates were sensitive to all wetland characteristics measured. 
Larger restored wetlands (>2 hal had higher daily survival 
rates for nestlings compared to smaller wetlands. Wetlands 
with >30% emergent cover had significantly higher daily 
survival rates during incubation compared to wetlands with 
less cover. Nest-site characteristics such as nest height and 
water depth affected daily survival rates for both species but 
results varied between 1989 and 1990. 
41 
INTRODUCTION 
One of the basic needs of all wildlife species is the 
presence of a suitable quantity of habitat. with the continued 
human alteration of natural habitats, increased attention has 
been given to developing ways to manage natural or altered 
habitats to provide for various species. To successfully 
manage wildlife, one must have the ability to assess habitat 
quality for various species (Van Horne 1983). Several methods 
for assessing habitat quality of nesting birds have been 
suggested. These include estimates of density, measurement of 
habitat features [Habitat Suitability Index models (HSI) , u.S. 
Fish and wildl. Servo 1981], and estimates of nesting 
productivity (Van Horne 1983). Of these, productivity is 
probably the best because it directly measures the habitat's 
ability to maintain the population. 
Besides habitat quality per se, other features such as 
the size and diversity of habitat patches may influence 
nesting success. Increased levels of nest predation (Andren et 
ale 1985, Wilcove 1985, Martin 1988); brood parasitism 
(Brittingham and Temple 1983); and interspecific competition 
for nest sites, space, and food (Ambu~l and Temple 1983, Blake 
1983, Cawthorne and Marchant 1980) in small forest fragments 
are believed to have caused the decline of some songbird 
populations (Gibbs and Faaborg-1990). 
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Similar patterns of nest losses may also occur in birds 
that nest in wetlands. Since nests near the marsh edges 
probably have higher predation rates from upland predators 
than nests placed near the center of the marsh, it follows 
that birds nesting in small wetlands, which have 
proportionately more edge habitat than large wetlands, 
probably have greater nest losses than those in larger 
wetlands. The emergent cover-to-water ratio is another habitat 
variable which may affect reproductive success. The peak 
abundance of nests for many wetland species occurs when the 
emergent cover-to-water ratio is near 50:50 (Weller and 
Spatcher 1965). The dependence of marsh birds on emergent 
vegetation for nest sites, cover, and food implies that the 
recovery of the emergent stand in restored wetlands may be 
important for overall reproductive success. 
In addition to the above mentioned habitat features, 
obviously the amount of habitat available is also important. 
Intensive agricultural practices have reduced the amount of 
breeding habitat for marsh birds in Iowa by 95% (Bishop 1981). 
However, this long-term loss of wetland habitat was reversed 
in the late 1980's. The 1985 Farm Bill and the North American 
Waterfowl Management Plan stimulated the development of an 
extensive wetland restoration program in the Midwest. Since 
1987, 6,100 wetlands covering 7,380 ha have been restored in 
the Midwest, including 600 wetlands (930 hal in Iowa (U.S. 
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Fish and wildl. Servo 1990). Although a wide variety of birds 
use restored wetlands (Sewell 1989, LaGrange and Dinsmore 
1989), no one has assessed the quality of these restored 
wetlands as marsh bird habitat. 
In this study, to assess habitat quality of newly 
restored wetlands, I estimated the reproductive success of 
red-winged blackbirds (Agelaius phoeniceus) and yellow-headed 
blackbirds (Xanthocephalus xanthocephalus). Red-winged 
blackbirds inhabit the marsh edge and are more flexible in 
their habitat requirements than yellow-headed blackbirds 
(Weller and Fredrickson 1974). Water depth, nest height, 
clutch size, and type of vegetation supporting the nest affect 
reproductive success of red-winged blackbirds (e.g., Meanley 
and Webb 1963, Goddard and Board 1967, Caccamise 1977, 
Weatherhead and Robertson 1977, Krapu 1978, McQuire 1986). 
Yellow-headed blackbirds have stricter habitat 
requirements including deeper water under the nest, robust 
vegetation for nest sites, and good intersperison of open 
water and emergent vegetation. Yellow-headed blackbirds are 
restricted to nesting in open marshes and actively exclude 
red-winged blackbirds from their territories (Miller 196e). 
Various aspects of yellow-headed blackbird breeding ecology 
(Willson 1966, shipley 1980), behavior (Lightbody and 
Weatherhead 1987), growth (Richter 1984), and food 
requirements (Orians 1966, Voights 1973) have been studied. 
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The yellow-headed blackbird is ecologically significant 
because it is a good "indicator" species, breeding in wetlands 
with characteristics that are attractive to many other marsh 
birds (Weller 1969). The objectives of my study were to 
determine if reproductive success of red-winged blackbirds and 
yellow-headed blackbirds nesting in restored wetlands varies 
with 1) wetland area, 2) relative emergent cover, and 3) water 
depth and nest height. 
45 
METHODS 
study sites were located in northwestern and north-
central Iowa, near the southeastern end of the prairie pothole 
region. Nests were monitored on 16 and 17 restored wetlands in 
1989 and 1990, respectively. study sites ranged from 0.8 to 
10.2 ha. 
Field work was conducted from mid May to late July each 
year. All marshes were searched weekly for nests. Nest 
searches were concentrated in the emergent stands and in 
upland vegetation within a few meters of the shoreline. ,Nests 
were located by observing the behavior of breeding blackbirds 
and by systematically searching potential nesting areas. All 
nests found were marked with flagging placed approximately 1 m 
from the nest. water depth and nest height (from the water's 
surface) were measured when a nest was initially found. The 
number of eggs and number of young was recorded at each visit 
to the nest. Nests were revisited every 4-7 days to determine 
nesting success. 
Each wetland was visited weekly between sunrise and 0900 
hours to estimate bird densities. Two to 10 count stations 
were randomly established on each wetland, the number varying 
with pond size. stations were placed in the middle of the 
emergent-vegetation zone or at the water's edge if no emergent 
vegetation was present. Birds were counted in a 20-m-radius 
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circular plot (Edwards et ale 1981). All birds seen or heard 
in a 6-minute-observation period were counted. Birds were 
counted 5 times at each marsh during the breeding season. 
Emergent cover was estimated at all wetlands in late June 
or early July. Two to 6 transects were established randomly at 
each wetland, the number varying with the pond size. All 
transects began at the pond's high-water mark and ran through 
the center of the marsh to the opposite shore. At 4-m 
intervals along the transects, the relative cover of emergents 
was estimated in a 1 m2 quadrat. A non-overlapping scheme was 
used to estimate relative cover. Dead and live plants of 
cattails (Typha spp.), sedges (Cyperaceae), grasses 
(Graminaea), Saqittaria spp., and Acorus calamus were 
considered emergent vegetation. 
Daily nest survival rates were calculated using the 
Mayfield (1975) method. Daily survival rates were calculated 
separately for the incubation and nestling stages. Based on 
field observations, 12 and 11 days were used for the length of 
the incubation period for yellowheads and redwings, 
respectively. Eleven days was used as the length of the 
nestling period for both species. When calculating "nest 
days", losses were assumed to have occurred midway between 
consecutive nest visits. Nests which had nestlings on one 
visit and were found empty on the next visit were considered 
successful if the nest was still intact. Mayfield survival 
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rates and variances were calculated using the computer program 
MICROMORT (Heisey and Fuller 1985). Differences in daily 
survival rates among groups were tested using a z-test 
(Brownie et al. 1978). To test for the effect of marsh area on 
reproductive success, wetlands were grouped into 2 size 
categories, small and large. Yellow-headed blackbirds tended 
to nest in smaller marshes whereas red-winged blackbirds 
nested on all sizes of wetlands. To attain equal numbers of 
wetlands in the 2 size categories, delineations of the size 
categories were different for each species. Small wetlands for 
yellow-headed blackbirds were marshes ~2 ha, whereas wetlands 
~5 ha were grouped into the small marsh category for red-
winged blackbirds. Differences in bird densities and nest 
densities between age, size and vegetation cover categories 
and differences in water depths and nest heights between years 
were analyzed using general linear models. The 0.05 
significance level was used for all statistical tests. 
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RESULTS 
In 1989, all study basins held water in mid May, but due 
to drought conditions, some basins were dry by late June. In 
1990, most basins were full or nearly ful~ throughout the 
field season. Because of the lack of water and emergent 
vegetation on some of the restored wetlands, red-winged and 
yellow-headed blackbirds nested on only a few of the marshes 
studied (Table 1). Yellowheads nested on only two wetlands in 
1989. 
survival rates for both red-winged and yellow-headed 
blackbirds differed between years. Both species had 
significantly higher daily survival rates for the incubation 
stage in 1990 than in 1989 (Tables 2 and 3). There was no 
difference in daily survival rates for the nestling stage for 
red-winged blackbirds between years (Table 2), whereas yellow-
headed blackbirds had a significantly higher survival rate for 
the nestling stage in 1989 (Table 3). 
Survival rates did not differ significantly between 
incubation and nestling stages for red-winged blackbirds in 
either year (Table 2). Daily survival rates for yellow-h~aded 
blackbirds were significantly higher in the nestling stage 
than in the incubation stage in 1989 but not in 1990 (Table 
3) • 
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Table 1. Number of wetlands on which nests were used to 
calculate daily survival rates and densities. The 
number of nests is in parentheses 
Comparison 
Size 
smallb 
largeC 
Emergent cover 
~30% 
>30% 
red-winged blackbird 
1989 
4 (61) 
3 (16) 
3 (26) 
4 (51) 
1990 
6 (42) 
2 (34) 
6 (53) 
2 (23) 
yellow-headed blackbirds 
1990 
5 (184) 
5 (121) 
5 (74) 
5 (231) 
aIn 1989 yellow-heads nested on only two wetlands with a 
combined total of 132 nests. 
b~5 ha for red-winged blackbirds, <2 ha for yellow-headed 
blackbirds. 
c>5 ha for red-winged blackbirds, >2 ha for yellow-headed 
blackbirds. 
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Table 2. Red-winged blackbird daily survival rates for 
incubation and nestling stages 1989 and 1990. Nest-
exposure days are in parentheses 
Year 
1989 
1990 
Incubation 
0.8527 (400.5) Aa8 
0.9102 (479) Ba 
Nestling 
0.8839 (77.5) Aa 
0.9117 (192.5) Aa 
8survival rates in the same column with different capital 
lettters are significantly different (P < 0.05). Survival 
rates in the same row with different lower case letters are 
significantly different (P < 0.05). 
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Table 3. Yellow-headed blackbird daily survival rates for 
inCUbation and nestling stages 1989 and 1990. Nest-
exposure days are in parentheses 
Year 
1989 
1990 
Incubation 
0.9303 (932.5) Aa8 
0.9522 (2466.5) Ba 
Nestling 
0.9657 (466) Ab 
0.9440 (1179.5) Ba 
8Survival rates in the same column with different capital 
letters are significantly different (P < 0.05). Survival rates 
in the same row with different lower case letters are 
significantly different (P < 0.05). 
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Survival rates of red-winged blackbirds generally did not 
differ in wetlands of different size or relative emergent 
cover in either year (Tables 4 and 5). 
only 2 wetlands had breeding populations of yellow-headed 
blackbirds in 1989. Due to this small sample size, nesting 
success was not calculated by marsh size or relative emergent 
cover categories. Nestlings in larger marshes (>2 hal had a 
significantly higher daily survival rate than nestlings in 
smaller marshes (~2 hal (Table 6). Nests in marshes with >30% 
emergent cover had a significantly higher daily survival rate 
for the incubation stage than those in more open marshes 
(Table 6). 
Two other estimates of marsh quality, bird density and 
nest density also were compared. Larger marshes (>5 hal had a 
significantly greater density of red-wings than small marshes 
in 1989 (Table 7). No effects of marsh size or relative 
emergent cover were found in 1990. Density estimates of 
yellow-headed blackbirds varied with the relative emergent 
cover on a wetland. Wetiands with >30% cover had more than 3 
times as many individuals/ha than did more open marshes 
(Table 8). Nest densities did not differ with marsh size or 
relative emergent cover for either yellow-headed or red-winged 
blackbirds (Tables 8 and 9). 
Nest-site characteristics such as water depth and nest 
height also may affect nest survival. Probably because of the 
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Table 4. Comparison of daily survival rates of red-winged 
blackbirds in 1989 between wetlands of different 
sizes and relative emergent cover, and of differing 
nest-site characteristics. Total exposure days are 
shown in parentheses 
Comparison 
Size 
.:5, 5 ha 
> 5 ha 
Emergent cover 
.:5, 30 % 
> 30 % 
Nest heightb 
low (.:5,22 em) 
medium (>22-32) 
high (>32) 
Water depthb 
shallow (.:5,10 em) 
medium (>10-17) 
deep (>17) 
Incubation 
0.8771 (89.5) A 
0.8457 (311) A 
0.8742 (159) A 
0.8385 (241.5)A 
0.8511 (2335) AB 
0.9011 (91) A 
0.8046 (87) B 
0.8503 (280.5)AB 
0.7920 (62.5) A 
0.9143 (70) B 
Nestling 
0.8000 (10) A 
0.8963 (67.5) A 
0.9241 (39.5) A 
0.8421 (38) A 
0.8696 ( 46) A 
0.8605 (21.5) A 
1.0000 (10) B 
0.9083 (54.5) A 
0.8182 (5.5) A 
0.8286 (17.5) A 
aOaily survival rates within a category and reproductive 
stage with different letters are significantly different at 
the 0.05 level (z-test). 
bAverage nest height and water depth were calculated for 
both 1989 and 1990 combined. Nests within the middle third of 
the first standard deviation of the mean were grouped into 
the medium class. 
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Table 5. Comparison of daily survival rates of red-winged 
blackbirds in 1990 between wetlands of different 
sizes and relative emergent cover, and of differing 
nest-site characteristics. Total exposure days are . 
shown in parentheses 
Comparison 
Size 
.:5, 5 ha 
> 5 ha 
Emergent cover 
.:5, 30 % 
> 30 % 
Nest heightb 
low (.:5,22 cm) 
medium (>22-32) 
high (>32) 
water depthb 
shallow (.:5,10 cm) 
medium (>10-17) 
deep (>17) 
Incubation 
0.9020 (275.5)A 
0.9214 (203.5)A 
0.8951 (268.5) A 
0.9346 (210.5)A 
0.9085 (229.5)A 
0.9164 (167.5)A 
0.9024 (82) A 
0.8824 (119) A 
0.9226 (168) B 
0.9167 (192) AB 
Nestling 
0.8759 (72.5) A 
0.9333 (120) A 
0.9333 (128) A 
0.8609 (64.5) A 
0.9447 (108.5)A 
0.8462 (52) B 
0.9063 (32) AB 
0.7551 (24.5) A 
0.8931 (65.5) B 
0.9610 (102.5)C 
aDaily survival rates within a category and reproductive 
stage with different letters are significantly different at 
the 0.05 level (z-test). 
bAverage nest height and water depth were 'calculated for 
both 1989 and 1990 combined. Nests within the middle third of 
the .first standard deviation of the mean were grouped into 
the medium class. 
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Table 6. Comparison of daily survival rates of yellow-headed 
blackbirds in 1990 between wetlands of different 
sizes and relative emergent cover, and of differing 
nest-site characteristics. Total exposure days are 
shown in parentheses 
comparison 
Size 
< 2 ha 
> 2 ha 
Emergent cover 
~ 30 % 
> 30 % 
Nest heightb 
low (~20 cm) 
medium (>20-30) 
high (>30) 
Water depthb 
shallow (~31 cm) 
medium (>31-37) 
deep (>37) 
Incubation 
0.9529 (1529) A 
0.9509 (623.5) A 
0.9251 (534) A 
0.9596 (1932.5)B 
0.9615 (1507) A 
0.9411 (645.5) B 
0.9251 (307) B 
0.9302 (860) A 
0.9775 (667) B 
0.9528 (932.5) C 
Nestling 
0.9262 (937.5)A 
0.9640 (556) B 
0.9602 (276.5)A 
0.9391 (903) A 
0.9418 (756.5)A 
0.9486 (27.2.5)A 
0.9535 (150.5)A 
0.9238 (315) A 
0.9560 (431.5)B 
0.9492 (433) B 
8Daily survival rates within a category and reproductive 
stage with different letters are significantly different at 
the 0.05 level (z-test). 
bAverage nest height and water depth ·were calculated for 
both 1989 and 1990 combined. Nests within the middle third of 
the first standard deviation of the mean were grouped into 
the medium class. 
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Table 7. Mean density (number of birds/ha) of red-winged 
blackbirds among wetlands with reference to marsh 
size and relative emergent cover 
1989 1990 
comparison mean so mean so 
Size 
~5 ha 16.9 A 3.0 13.6 A 6.8 
>5 ha 28.3 B 5.2 10.2 A 5.9 
Emergent cover 
~30 % 21.1 A 3.8 12.8 A 5.9 
>30 % 22.3 A 9.5 12.6 A 10.3 
~eans within a category and year followed by different 
letters are significantly different (P < 0.05) • 
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Table 8. Mean bird density (number of birds/ha) and nest 
density [number of nests/total area (ha) of emergent 
vegetation/breeding season] of yellow-headed 
blackbirds in 1990 among wetlands with reference to 
size and relative emergent cover 
Bird Nest 
Comparison mean so mean so 
Size 
~2 ha 32.8 A 18.6 46.2 A 47.7 
>2 ha 20.4 A 16.3 27.5 A 12.5 
Emergent cover 
~30 % 12.4 A 2.5 24.3 A 14.7 
>30 % 40.7 B 14.1 24.4 A 45.1 
~eans within a category and density type followed by 
different letters are significantly different (P < 0.05). 
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Table 9. Nest density [number of nests/total area (ha) of 
emergent vegetation/breeding season] of red-winged 
blackbirds among wetlands with reference to marsh 
size and relative emergent cover 
1989 1990 
Comparison mean SD mean so 
Size 
~5 ha 9.4 A 10.6 12.8 A 8.5 
>5 ha 12.0 A 6.5 12.9 A 4.9 
Emergent cover 
~30 % 16.1 A 10.8 12.9 A 6.4 
>30 % 6.4 A 3.5 12.6 A 13.3 
~eans within a category and year followed by different 
letters are significantly different (P < 0.05) • 
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differing water conditions between years, nest height differed 
significantly between 1989 and 1990 for both redwings and 
yellowheads (Table 10). water depth at the nest was 
significantly different between years for redwings only (Table 
10) . 
Survival rates differed with nest height and water depth 
both years for red-winged blackbirds (Tables 4 and 5). In 
1989, low and medium-height nests had the highest daily 
survival rate during incubation, while the highest nests were 
most productive for the nestling stage (Table 4). In contrast, 
iq 1990 nest height did not affect daily survival during 
incubation but low nest heights had significantly greater 
daily survival in the nestling stage than medium-height nests 
(Table 5). In 1989, nests in deep and shallow water had the 
highest daily survival rate during incubation (Table 4). No 
significant differences in daily survival rates between water-
depth classes were found for the nestling stage. The results 
were different in 1990. Nests over medium-depth and deep water 
had significantly greater daily survival rates for the 
incubation period than nests over shallow water (Table 5). 
Nestlings had progressively greater survival rates as the 
water depth increased. 
In 1989, yellow-headed blackbird survival rates during 
the incubation stage were greatest in nests built ~20 cm above 
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Table 10. Mean nest height (cm) and water depth (cm) at red-
winged and yellow-headed blackbird nests 
red-winged blackbird yellow-headed blackbird 
nest height water depth nest height water depth 
Year mean so mean so mean so mean so 
1989 30.S AS 19.4 10.S A 33.1 3S.3 A 22.0 33.1 A 7.9 
1990 24.6 B 11.1 30.S B 3S.3 20.3 B 9.6 34.7 A 9.9 
~eans within a column with different letters are 
significantly different (P < O.OS). 
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the surface of the substrate (Table 11). During the incubation 
stage in 1990, low nests had the greatest survival rate (Table 
6). No differences in daily survival rates in the nestling 
stage were detected between nest-height classes in either year 
(Tables 6 and 11). No significant differences in survival 
rates were found between water-depth classes in 1989 (Table 
11). In 1990, nests over the medium water depth had the 
greatest survival rate during the incubation period whereas 
those over medium- and deep-water depths were most productive 
for the nestling stage (Table 6). 
62 
Table 11. comparison of daily survival rates of yellow-headed 
blackbirds in 1989 in reference to nest-site 
characteristics. Total exposure days are in 
parentheses 
Comparison Incubation Nestling 
Nest heightb 
low (~20 cm) 
medium (>20-30) 
high (>30) 
0.9007 (272) A8 0.9769 (130) A 
Water depth 
shallow (~31 cm) 
medium (>31-37) 
deep (>37)· 
0.9213 
0.9543 
0.9298 
0.9284 
0.9338 
(216) 
(437.5) 
(399) 
(209.5) 
(317) 
AB 
B 
A 
A 
A 
0.9669 (90.5) A 
0.9633 (245.5) A 
0.9706 (204) A 
0.9615 (104) A 
0.9684 (158) A 
aDaily survival rates within a category and reproductive 
stage with different letters are significantly different at 
the 0.05 level (z-test). 
bAverage nest height and water depth were calculated for 
both 1989 and 1990 combined. Nests within the middle third of 
the first standard deviation of the mean were grouped into 
the medium class. 
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DISCUSSION 
The 1989 drought affected both the number of nesting 
blackbirds and their nesting success. Yellow-headed blackbirds 
nested on only 2 restored wetlands in 1989, while in 1990 they 
nested on 10 study sites. Because yellow-headed blackbirds 
require water under their nests (Weller and Spatcher 1965), 
the drought probably forced them to nest elsewhere in 1989. A 
similar number of red-winged blackbird nests were found both 
years (Table 1), but the survival rate during incubation was 
higher in 1990 than in 1989 (Table 2). The drought also 
affected the nest sites the birds selected. Water depth at 
red-wing nests was 3 times greater in 1990 than in 1989 (Table 
10). Water depth at yellow-headed blackbird nest sites did not 
differ significantly between years. Greater water depths at 
the nest are believed to reduce predation and thus increase 
nest success (Goddard and Board 1967, Weatherhead and 
Robertson 1977, Krapu 1978, Shipley 1979). My data showed that 
in 1990 redwings had higher survival rates at medium to deep 
water depths during incubation and nestling stages (Table 5). 
Yellowheads fared best with medium to deep water levels at the 
nest in 1990 only (Table 6). 
Nest heights were significantly greater for both redwings 
and yellowheads in 1989 than in 1990 (Table 10). Redwings are 
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highly adaptable and can nest in both marsh and upland 
habitats. Since redwings are often exposed to terrestrial 
predators, they may have compensated for the low water depths 
at the nest sites in 1989 by increasing nest height to deter 
predators. Yellowheads built their nests higher in 1989 than 
in 1990 even though water depths at nest sites did not differ 
significantly between years (Table 10). 
Several studies have shown that nesting success increases 
with an increase in nest height (Meanley and Webb 1963, 
Holcomb and Twiest 1968), whereas others have shown that lower 
nests have greater nest success (Fautin 1941, Goddard and 
Board 1967, Caccamise 1977, Weatherhead and Robertson 1977). 
Higher nests may afford protection from predators, but lower 
nests are less likely to be tipped over from the wind (Fautin 
1941, Goddard and Board 1967). No clear relationship could be 
found between survival and nest height for redwings or 
yellowheads. Both low and high nest heights had increased 
survival rates for redwing nestlings, whereas medium nest 
heights had the highest survival rates during incubation 
(Tables 4 and 5). 
Survival rates during incubation in the yellow-headed 
blackbird varied between years; in 1989 medium and high nests 
had the highest survival (Table 11), whereas in 1990 the low 
nests did (Table 6). The variable results suggest a complex 
interaction between predation and weather. Deeper water and 
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higher nest sites may protect nests from mammalian predators, 
but it does not hinder avian predators (Shipley 1979). Higher 
nest sites are more suseptible to being blown over by the 
wind; however, nests built at lower heights over water may 
easily be flooded out after a heavy rainstorm. No clear answer 
on the effects of nest-site charactersitics can be deduced 
from the data. We must consider that water conditions and 
predation pressure will vary amoung years and locations, 
causing changes in nest success with reference to nest-site 
characteristics. For example, a low nest over deep water may 
be good one year but disastrous the next if a series of heavy 
storms hits the area during the breeding season. 
The nesting success of a marsh bird depends partly on the 
habitat quality of the marsh; however, habitat requirements 
vary with the species. Yellow-headed blackbirds have strict 
nest site requirements including 1) water below the nest, 2) 
tall, robust emergents, 3) being adjacent to or near open 
water, and 4) presence of other yellowheads (Weller and 
Spatcher 1965). Redwings have more flexible habitat 
requirements (Weller and Fredrickson 1974). Redwings nest in a 
variety of plants (Meanley and Webb 1963, Goddard and Board 
1967, Krapu 1978, Besser et ale 1987, Minock 1983) in both 
marsh and upland habitats. Redwing nest survival rates and 
nest density did not vary with restored wetland size or 
relative emergent cover (Tables 4, 5, and 9). Redwing density 
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was higher in larger wetlands in 1989, but no difference in 
density was detected between wetlands with different relative 
amounts of emergent cover (Table 7). Species like red-winged 
blackbirds which inhabit marsh edges are able to withstand 
changes in marsh vegetation and water levels without 
sUbstantial changes in abundance (Weller and Fredrickson 
1974). 
Because of their strict habitat requirements, yellow-
headed blackbirds are more sensitive to habitat changes. 
Incubation survival rates were greater on restored wetlands 
with >30% emergent cover than on wetlands with <30% emergent 
cover (Table 6). Density of yellowheads also was significantly 
greater on restored wetlands with >30% emergent cover (Table 
8). Yellowhead populations reach peaks when the emergent 
cover-water ratio is about 50:50 (Weller and Spatcher 1965). 
Yellow-headed blackbird nest success may depend on the 
productivi~y of the wetland with reference to food items. 
Invertebrate diversity and abundance reach their peak during 
the hemi-marsh stage, with the greatest abundance of 
invertebrates being found in sheltered areas near emergent 
stands (Voigts 1976). One of the habitat requirements of 
yellowheads is to have their nests placed in emergent stands 
next to open water (Weller and Spatcher 1965). Yellowheads 
forage extensively on their territories and probably rely on 
these openings in the emergents for the production of 
67 
invertebrate food items (Orians 1980). Restored wetlands with 
only a small amount of emergent cover probably have few 
sheltered areas for the production of invertebrates. 
The size of the wetland also affected yellow-headed 
blackbird nesting success. Nestling survival rates were 
significantly greater in larger wetlands (Table 6). Predation 
rates on forest bird nests are higher in smaller patches of 
forest (Wilcove 1985). Smaller habitat patches have 
proportionately more edge habitat than larger patches. The 
increased edge allows predators from the surrounding habitat 
to easily reach a greater proportion of the area in a smaller 
habitat island (Whitcomb et al. 1981, Wilcove 1985, Martin 
1988). Fledgling success of forest birds was positvely 
correlated with increased distance from a field-forest ecotone 
(Gates and Gysel 1978). Increased activity of potential nest 
predators near the ecotone decreased the fledgling success. A 
small wetland is theoretically all edge habitat and may be 
easily penetrated by terrestrial mammals. The nearness to land 
may increase a marsh bird's nest vulnerability to predation 
(Richter 1984). 
The absolute size of a stand of emergent vegetation might 
also affect nesting success. Larger wetlands probably have 
larger stands of emergents than small wetlands. Predators 
searching for nests have a smaller area to search and may be 
able to locate a nest more easily in a smaller stand of 
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emergents. Larger stands of emergents can support more nesting 
yellowheads which in turn may increase nesting success in two 
ways. First, a larger colony of birds may improve vigilance 
and produce more effective mobbing behavior thus detering 
predators from searching the colony for nests. Second, the 
increased number of prey items (number of nests) might reduce 
the percentage taken by predators thus increasing nesting 
success overall for the colony (Fautin 1941). Orians (1961) 
noted that complete failure was more common in smaller 
colonies of tri-colored blackbirds (Agelaius tricolor). 
Failure was attributed to both predators and increased 
susceptibility to adverse weather conditions. 
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GENERAL SUMMARY AND DISCUSSION 
Area, isolation, and relative amount of vegetation cover 
can influence species richness on restored wetlands. Larger 
wetlands attract more bird species and are important breeding 
sites for area-sensitive species. Restored marshes in wetland 
complexes have a greater species richness than isolated 
wetlands. Efforts should be made to restore wetlands in 
clusters or close to other wetlands. The duration of drainage 
of a basin can affect the basin's ability to respond to 
reflooding. Recently drained basins may have a larger seed 
bank and thus be able to develop vegetation zones quickly and 
attract breeding birds. Restoration efforts should concentrate 
on recently drained or poorly drained wetland basins. 
The habitat quality of restored wetlands was assessed 
using nest productivity data. Red-winged blackbird (Agelaius 
phoeniceus) nest success was not affected by wetland area, 
age, or relative amount of emergent cover. Yellow-headed 
blackbird (Xanthocephalus xanthocephalus) nest success was 
sensitive to area and percent emergent cover. Yellowheads 
nesting on larger wetlands and marshes with >30% emergent 
cover had greater nest success than birds nesting on smaller 
or more open restored wetlands. Variation in predation 
pressure, susceptibility to severe weather conditions, and 
invertebrate production may have caused differences in nest 
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success between restored wetlands of different sizes and 
amounts of emergent cover. 
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APPENDICES 
Study sites and Locations, Land History 
Information, Bird Species Distributions, 
and Aquatic Invertebrate Distributions 
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Appendix A. Landowner and location of study sites 
ID # Landowner county Township/Range/Section 
1 Appel Palo Alto T97N R33W S31 NW1/4 
2 Appel Palo Alto T97N ~33W S31 NE1/4 
3 Charlson Winnebago T98N R23W S21 W1/2 SE1/4 
4 Duhn Palo Alto T97N R34W S14 SW1/4 
5 Duhn Palo Alto T97N R34W S14 SW1/4 
6 Duhn Palo Alto T97N R34W S14 SW1/4 
7 Dunlap Worth T100N R22W S16 W1/2 SE1/4 
8 Flemming Dickinson T99N R36W S24 NW1/4 
9 Henningsen Cerro Gordo T96N R22W S27 SW1/4 
10 Henrickson Palo Alto T97N R34W S4 NW1/4 
11 Henry Emmet T98N R34W S36 N1/2 SW1/4 
12 Henry Emmet T98N R34W S36 N1/2 SW1/4 
13 Larsen Emmet T98N R34W S14 E1/2 SE1/4 
14 Love Emmet T99N R34W S7 NE1/4 
15 McBreen Dickinson T100N R37W S13 N1/2 SW1/4 
16 McBreen Dickinson T100N R37W S13 E1/2 SW1/4 
17 McQuown Emmet T98N R33W S28 NW1/4 
18 Pedersen Cerro Gordo T97N R22W S7 NE1/4 
19 Schacherer Emmet T98N R34W Sll E1/2 SE1/4 
20 Schacherer Emmet T98N R34W S24 NE1/4 
21 Seimers Palo Alto T97N R34W S3 SE1/4 
22 Seimers Palo Alto T97N R34W S3 SE1/4 
23 smith Cerro Gordo T96N R22W S28 SE1/4 
24 spilman Cerro Gordo T95N R22W S36 E1/2 
25 Thim Palo Alto T97N R34W S23 E1/2 SE1/4 
26 Thu Palo Alto T97N R34W S8 NW1/4 
27 Young Winnebago T99N R23W S14 E1/2 SW1/4 
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Appendix B. Identification number and land history information 
on study sites 
ID# 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
Drainage Flooding 
Year 
ha restored Duration 
(years) 
Type Frequency8 DurationS 
6.1 
2.0 
1.1 
3.1 
0.8 
1.3 
2.6 
2.0 
1.4 
5.3 
1.5 
1.2 
2.1 
2.0 
2.8 
2.0 
10.2 
3.3 
1.6 
2.6 
1.7 
2.0 
2.2 
9.3 
1.9 
2.9 
2.3(0.93)9 
1988 
1988 
1988 
1987 
1987 
1987 
1988 
1988 
1989 
1988 
1987 
1987 
1988 
1987 
1988 
1988 
1988 
1987 
1987 
1987 
1988 
1988 
1989 
1989 
1988 
1987 
1988 
o creek 
50 tile 
50 tile 
40 tile 
40 tile 
40 tile 
>50 tile 
10 ditch 
25 ditch 
o 
50 tile 
50 tile 
tile 
20 tile 
20 tile 
30 ditch/creek 
20 tile/ditch 
25 tile 
50 tile 
tile 
tile 
o ditch 
ditch 
15 
50 tile 
30 tile/ditch 
1 
1 
2 
2 
2 
1 
1 
2 
1 
3 
1 
4 
5 
never 
never 
1 
5 
never 
1 
1 week 
1 week 
1 week 
3 days 
3 days 
1-4 weeks 
1 week 
1 week 
3 days 
1 week 
1 week 
1 week 
4 days 
>1 month 
1 week 
3 days 
aFrequency with which the basin was flooded; l-yearly, 
2=every two years, etc •••• 
~en the basin flooded, length of time it took for the 
water to drain completely. 
cTime of year when flooding was most a problem; 
spr=spring run-off, hr=heavy summer rains. 
10 # 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
When 
flooding 
problemc 
spr 
spr 
hr 
hr 
hr 
spr 
spr 
spr 
hr 
spr 
spr 
spr 
hr 
spr 
hr 
hr 
Wetland 
plants 
presentd 
y 
p 
n 
p 
p 
n 
y 
b/c/p 
p 
p 
p 
b/c 
b/p 
p 
p 
n 
c 
81 
Frequency 
of 
plantse 1950' s 
Crop historyf 
60's 70's 
2 
1 
6 
6 
1 
1 
1 
1 
2 
1 
1 
1 
p 
r 
p 
r 
r 
r 
r 
r 
p 
r/h/p 
p 
r 
r/h 
f 
P 
P 
r 
p 
r 
r/h/p 
r 
r 
r 
r 
r 
p 
r/h/p 
r/h 
r/h 
p 
r 
r/h 
f 
P 
P 
r 
f 
p 
r 
r 
r 
r 
r 
r 
r 
p 
r/h/p 
r 
r 
r 
r 
r 
r/f 
r/h 
r 
r/h 
f 
P 
p 
r 
r 
dKinds of wetland plants seen in the drained basin; 
80's 
p 
r 
r 
r 
r 
r 
r 
r 
p 
r/h/p 
r 
r 
r 
r 
r 
r/p/f 
r/h 
r 
r/h 
f 
P 
P 
r 
r 
y= wetland plants seen but not identified, b=bulrush 
(Scirpus sp.), c=cattail (Typha sp.), p=Polygonum sp., n=no 
wetland plants seen. 
elf plants were present, frequency at which they 
occurred; l=yearly, 2=every other year, etc. 
fKinds of crops that were planted during the last 4 
decades; r=row crops, p=pasture, h=hayfield, f=fallow. 
90ue to drought conditions in 1989, pond #27 held a 
smaller percentage of water and was calculated as 0.93 ha in 
size. In 1990, the basin held more water and 2.3 ha was used 
as the pond's size. 
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Appendix c. Occurence of invertebrate families per study site 
in 1989. study sites are arranged in ascending 
order of size 
study sites 
2 1 1 1 2 2 2 1 1 2 2 1 1 1 % 
Taxon 7 2 1 9 1 524 3 0 6 4 8 0 1 7 occur. 
Annelida 
Tubificidae X X 13 
Hirudinea X X X 19 
Crustacea 
Daphinidae X X X X X X X X X X X 69 
Conchostraca X X X 19 
Asellidae X 6 
Talitridae X X X X X 31 
Gammaridae 
Arachnoidea 
"Hydracarina" X X X X X X 38 
Gastropoda 
Lymnaeidae X X X X X X 38 
Physidae X X X X X X X X X 56 
Planorbidae X X X X X X X X X X X 69 
Pelecypoda 
pisidiiae X X 13 
Insecta 
Baetidae X X X X X X X X X X X X 75 
Caenidae X 6 
Libellulidae X X X X X X X X X X X X X 81 
Aeshnidae X X X X X X X X X 56 
Lestidae 
coenagrionidae X X 13 
Veliidae X 6 
Notonectidae X X X X X X X X X X X X 75 
Belostomatidae 
Corixidae X X X X X X X X X X X X X X X X 100 
Haliplidae X X X 19 
Dystiscidae X X X X X X X X X X X X X X X 94 
Hydrophilidae X X X X X X X X X X X X X X X .94 
Phryganeidae 
Chironomidae X X X X X X X X X X X X X X X 94 
stratiomyiidae X X X 19 
Chaoboridae X 6 
culicidae X 6 
Tipulidae X 6 
sciomyzidae 
Appendix C cont'd 
Ephydridae 
Number of 
Families 
83 
111 1 1 111 1 
7 014 9 399 9 9 0 9 544 7 
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Appendix D. Occurence of invertebrate families per study site 
in 1990. study sites are arranged in ascending 
order of size 
study sites 
1 1 1 2 2 1 1 2 % 
Taxon 5 3 2 6 9 168 2 3 7 7 5 4 8 1 4 occur. 
Annelida 
Tubificidae 
Hirudinea 
Crustacea 
Daphinidae X X X X X X X X X X X X X X X X 94 
Conchostraca X X X X X X X X 47 
Asellidae X 6 
Talitridae X X 12 
Ganunaridae X X 12 
, Arachnoidea 
"Hydracarina" X X X X X X X X X 53 
Gastropoda 
Lymnaeidae X X X X X X X X X 53 
Physidae X X X X X X 35 
Planorbidae X X X X X X X X X X X X X X 82 
pelecypoda 
pisidiiae 
Insecta 
Baetidae X X X X X X X X X X X X X X X 88 
Caenidae X 6 
Libellulidae X X X X X X· X X 47 
Aeshnidae X 6 
Lestidae . X X X X X X X X X X X X X 76 
coenagrionidae X 6 
Veliidae 
Notonectidae X X X X X X X X X X X X 71 
Belostomatidae X 6 
Corixidae X X X X X X X X X XXX X X X X X 100 
Haliplidae X X 12 
Dystiscidae X X X X X X X X X X X X X X X X 94 
Hydrophilidae X X X X X X X X X X X X X X X 88 
Phryganeidae X 6 
Chironomidae X X X X X X X X X X X X X X X X X 100 
stratiomyiidae X X X X X X 35 
Chaoboridae 
culicidae X X X X X X 35 
Tipulidae X X 12 
sciomyzidae X 6 
Appendix 0 cont'd 
Ephydridae 
Number of 
Families 
85 
x 
111 1 1 111 1 1 1 111 1 1 
763 0 105 1 3 2 2 0 8 2 0 6 0 3 
6 
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Appendix E. Percent occurrence of each species per study site 
in 1989. study sites are arranged in ascending 
order of size 
study sites 
2 1 1 1 2 2 2 112 2 1 1 1 % 
Species 7 2 1 9 1 52 4 3 0 6 4 8 0 1 7 occur. 
Pied-billed Grebe X X X 19 
Least Bittern X 6 
Canada Goose X X 13 
Wood Duck X X X 19 
Mallard X X X X X X X X X X X X X 81 
Blue-winged Teal X X X X X X X X X X X 69 
Northern Shoveler X X 13 
American Coot X X 13 
Spotted Sandpiper X X 13 
\ Tree Swallow X X 13 
Sedge Wren X 6 
Marsh Wren X X 13 
Common Yellowthroat X X X X X 31 
Song Sparrow X X X 19 
Swamp Sparrow X X X X X 31 
Red-winged Blackbird X X X X X X X X X 56 
Yellow-headed 
Blackbird X X X X X X 38 
Common Grackle X X X X 25 
Number of species 1 1 
3 112 263 3 2 249 6 9 0 3 
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Appendix F. Percent occurrence of each species per study site 
in 1990. study sites arranged in ascending order 
of size 
study sites 
1 1 1 2 2 1 1 2 % 
Species 5 3 2 6 9 16823 7 7 5 4 8 1 4 occur. 
Pied-billed Grebe X X X X 24 
Canada Goose X X X X X X 35 
Wood Duck X X X 18 
Green-winged Teal X X X 18 
Mallard X X X X X X X X X X X X X X 82 
Blue-winged Teal X X X X X X X X X X X X X X X 88 
Northern Shoveler X X 12 
Gadwall X 6 
Virginia Rail X X 12 
. Sora X X X 18 
American coot X X X X X X 35 
Spotted Sandpiper X 6 
wilson's Phalarope X 6 
Black Tern X X 12 
willow Flycatcher X 6 
Tree Swallow X X X X 24 
Sedge Wren X X X X X X X X X 52 
Marsh Wren X X X X 24 
Common Yellowthroat X X X X X X X X X X X X 12 
Song Sparrow X X X X X X X 41 
Swamp Sparrow X X X X X X X X X X 59 
Red-winged Blackbird X X X X X X X X X X X X X X 82 
Yellow-headed 
Blackbird X X X X X X X X X X X 65 
Common Grackle X X X X X 29 
Number of species 1 1 1 1 1 
4 7 5 6 2 6 5 6 9 4 629 2 6 2 8 
